Objective: This scoping review aimed to summarize the existing knowledge base regarding depression and depressive symptoms in pediatric traumatic brain injury (TBI) and to identify gaps in the literature in an effort to guide future research. Methods: MEDLINE Ovid and PsycINFO Ovid databases were each searched by the authors using search terms intended to identify any original research study that examined depressive symptoms in children (ie, aged 0-18 years) with TBI. Results: A total of 14 published studies were included in the review. The studies included examined the prevalence of depression, risk factors associated with depression, and depression as a predictor of other TBI-related outcomes. Conclusion: Existing research suggests that depressive symptoms are more common in a TBI population than in a healthy or orthopedically injured population. Injury-related factors such as lesions in the brain and the presence of pain, as well as noninjury factors such as older age at injury and low socioeconomic status, may be predictive of depressive symptoms. Depression is likely a secondary outcome of pediatric TBI rather than a direct result of the injury itself. Overall, a relative dearth of research exists on this topic; thus, the review concludes by proposing future research directions.
T RAUMATIC BRAIN INJURY (TBI) is a significant health concern among children and adolescents. 1 More than half a million children present annually to the emergency department for TBI-related visits in the United States, 2 with highest incident rates seen in children aged 0 to 4 years 3 and adolescents aged 15 to 19 years. 2 A large body of research has focused on understanding factors related to risk, prognosis, and outcomes following TBI in children and youth.
Pediatric TBI is associated with an array of negative outcomes, including impaired cognitive and academic abilities, 4 social impairments, 5 and behavioral problems. 6 Another outcome often associated with TBI in children is depression. Studies have estimated the rate of depression in children post-TBI to be as high as Importantly, depression is a significant risk factor for suicide in children, and estimates indicate that suicide is the third leading cause of death among children aged 10 to 14 years. 11 With a lifetime prevalence of approximately 11% in children 13 to 18 years of age, 12 coupled with a high prevalence in children with TBI, depression represents a significant health concern in this population.
Research on depression in the general population suggests that an earlier age of onset results in greater severity and impairment 13 and that more severe first episodes can result in recurrent depression.
14 Furthermore, depression is often complicated by a high comorbidity with other disorders. For example, anxiety and conduct disorder are associated with an estimated 4-fold increase in risk for major depressive disorder in adolescents. 12 The risk for comorbid disorders is further compounded within medical populations.
The relationship between TBI and depression, while not well understood in children, has been more widely studied among adults. Studies have suggested that the emergence of depression after adult TBI may be physiological in nature, perhaps due to the disruption of neural circuits (eg, limbic-frontal circuitry) 15 or posttraumatic
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changes of neurotransmitters in the brain (see Jorge and Robinson 16 for a review). However, less is known regarding the mechanisms responsible for the occurrence of depression in children after TBI.
We identified only 2 systematic reviews that have been conducted to date that examine psychosocial outcomes, including depressive symptoms, in pediatric TBI. One examined outcomes within 2 years postinjury and identified only 3 studies that reported on depressive symptoms. 17 The second review was limited to outcomes in children with mild TBI. 18 Notably, both reviews found depressive symptoms to be more common among children with TBI than among non-head-injured control groups. However, a review focusing exclusively on depressive symptoms in children across all TBI severities that includes studies examining long-term outcome (ie, >2 years) has yet to be published.
Therefore, the overall goal of this scoping review was to examine the literature pertaining to depression and depressive symptoms in childhood TBI in order to summarize the existing knowledge base, as well as to identify areas requiring further research. Specifically, we aimed to examine the rates of depressive disorder and/or depressive symptoms in this population, pre-and postinjury risk factors associated with depressive symptoms following TBI, and the role of depressive symptoms as risk factors for other functional outcomes following TBI and to elucidate whether depressive symptoms are a primary or secondary outcome following TBI.
One challenge to studying depression in children following TBI is the substantial overlap between symptoms that often occur after TBI, often called postconcussive symptoms (PCSs), and those that define depression (eg, difficulty concentrating, fatigue, and irritability). A second challenge in the study of depression in childhood TBI is the heterogeneity in outcomes associated with TBI. TBI ranges in severity from mild to severe, and severity often predicts outcomes in a dose-response fashion; however, outcomes are also impacted by pre-and postinjury psychosocial factors. 19 Thus, our review attempts to explore whether depressive symptoms exceed or differ from those that occur after TBI, as well as whether depressive symptoms vary across TBI severities.
For the purposes of this review, depressive symptoms refer to any symptoms listed in the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-4) 20 and/or Fifth Edition (DSM-5) 10 under the category of Major Depressive Disorder (eg, low mood, anhedonia, fatigue, feelings of worthlessness, difficulty thinking, thoughts of death or suicide). Depression, as described in this review, refers either to a diagnosis of a depressive disorder or to scores on self-/parent report measures of depressive symptoms in the clinically significant range, as specified by the authors of the identified study.
METHODS
The review procedure adhered to Arksey and O'Malley's 21 methodological framework for scoping reviews. Specifically, the procedure was as follows: (1) identified the research question, (2) performed a literature search to locate relevant studies, (3) selected studies pertaining to our research question, (4) charted the data, and (5) collated, summarized, and reported the results.
In September 2016, searches of MEDLINE Ovid and PsycINFO Ovid were conducted with the following key words: ((depression OR mood disorder OR affective disorder OR low mood) AND (children OR adolescent OR pediatric) AND (TBI OR traumatic brain injury)) OR ((brain injuries OR brain concussion OR brain injury, chronic) AND (child, preschool OR child OR paediatric OR adolescent) AND (depression OR low mood)) OR ((traumatic brain injury OR brain injury) AND child AND (depression OR low mood)). Review articles (ie, scoping reviews, systematic reviews, meta-analyses), as well as articles written in languages other than English, were excluded from the review.
Following the initial search, titles were scanned and articles were selected on the basis of relevance to the topic. The selected studies were then exported from the database to an Excel file, where abstracts were read to ensure relevance to the review, based on the following inclusion criteria: (a) participants must be 18 years or younger at the time of study; (b) participants must have suffered a TBI (ie, no other type of acquired brain injury); (c) the study must have included a measure of depression; and (d) the study of depression must have pertained to children in the study (ie, not parents). Studies for which a specific measure of depression was not derived (eg, examined internalizing symptoms that encompassed both anxiety and depressive symptoms) were excluded. Following abstract review, 31 studies were selected for full-text review. During the full-text review, 17 were excluded due to not meeting inclusion criteria. Thus, the full-text review resulted in a final inclusion of 14 articles. Participants ranged in age from 0 to 18 years (one study specified an age range of 0-18 years in the study inclusion criteria but did not specify the exact age range of the sample analyzed; the age range of all other studies was 5-18 years), and severity of TBI ranged from mild to severe. The Glasgow Coma Scale (GCS) 36 was used to classify injury severity in 13 studies (one study relied solely on self-report of history of a concussion). Mild TBI was defined as (a) a GCS score of 13 to 15; moderate TBI was defined by (a) a GCS score of 9 to 12 or (b) a GCS score of 13 to 15 if accompanied by neuroimaging findings; severe TBI was defined as (a) a GCS score of 8 or less or (b) a GCS score of 6 to 12 with accompanied endotracheal intubation, mechanical ventilation, and admission to a pediatric intensive care unit. Five studies included a control group (orthopedic injury or healthy control). Nine different parent/self-report measures were used to rate depression (see Table 1 ). Only one study utilized both self-and parent report measures of depression, whereas 11 studies included only self-report and 2 studies included only parent report.
Prevalence and risk of depression following TBI
Four studies reported the prevalence of depression among children between the ages of 8 and 18 years with a history of TBI at varying time points postinjury. Prevalence of depression in the TBI population was reported to range from 5.3% to 36%, depending on the time of assessment, assessment instrument, and TBI severity. Among children with mild TBI, prevalence was estimated to range from 5.3% at 4 to 26 weeks postinjury (M = 8.21, SD = 4.71) 22 to 36% at 5 to 12 months postinjury (M = 8.7, SD = 1.7). 23 Compared with risk rates for clinically elevated symptoms of depression in a normative sample, Peterson et al 22 reported no significant differences in parent-reported depression risk for those with mild TBI. Conversely, Chrisman and Richardson 25 reported that a history of mild TBI corresponded with a 3.2-fold greater risk for depression compared with those who had never sustained a mild TBI. Finally, O'Connor et al 29 reported slightly higher prevalence rates of depression in a mild TBI group (ie, 6%, 4%, and 5% at 3, 12, and 24 months, respectively) than in the moderate/severe TBI or arm-injured groups, but group differences were not significant. Prevalence rates of depression were not reported in any study for children younger than 8 years with TBI.
Injury factors associated with depression following TBI
Several studies addressed injury-related risk factors associated with the onset of depressive symptoms following TBI. Smyth et al 26 examined the association of the presence of PCSs with risk for depression in children Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. Significant group × time interaction in the prediction of CDI (the total score did not change over time in the TBI groups but declined significantly in the OI group).
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No group differences in the proportion of children who reported clinically significant depressive symptoms on the CDI at any occasion.
Children from homes of higher SES reported fewer depressive symptoms in all groups, and SES was a significant moderator of self-reported symptoms (the effect of severe TBI was more pronounced among children from more disadvantaged homes).
Family functioning moderated self-reported depressive symptoms (children in the OI group from less dysfunctional families reported more symptoms at the initial assessment than those from more dysfunctional families, as well as more than children in either TBI group). Self-reported ratings of depressive symptoms were unrelated to IQ scores at either 6 or 12 mo postinjury. Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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across all ages (ie, 0-18 years) and reported no group differences in rates of depression in those who reported elevated PCSs compared with those who did not. On the contrary, Tham et al 27 found pain to be associated with significantly higher self-reported depressive symptoms among adolescents (aged 14-17 years) with TBI, regardless of severity (ie, no group differences between mild, moderate, and severe TBI). Only one study examined structural brain changes associated with TBI and their relationship to risk of depression. Specifically, Max et al 28 reported lesions in the left inferior frontal gyrus, right frontal lobe white matter, left temporal pole, and left parietal regions to be predictive of depression in children, aged 5 to 14 years, with complicated mild (ie, neuroimaging findings) to severe TBI. In sum, injuryrelated factors, such as pain and brain lesions, may be related to an increased risk of depression and/or depressive symptoms in adolescents or in cases of more severe injury (ie, presence of neuroimaging findings). However, the literature is unclear whether this relationship exists both for children of all ages and for TBI of all severities.
Noninjury factors associated with depression following TBI
Preinjury and noninjury factors were considered in several studies as possible predictors of risk for depression following TBI. Peterson et al 22 did not find that a greater number of previous mild TBIs increased the risk for clinical depression. However, one study found age at injury to be predictive of depression. Specifically, Max et al 28 reported the incidence of depression to be significantly greater in children who sustained a TBI when 12 years or older (18.2% prevalence) than in those who sustained their injury before 9 years of age (3.5% prevalence). Similar findings were reported by Chrisman and Richardson, 25 who reported a 1.5-fold increased risk for depression in children aged 15 to 17 years compared with those aged 12 to 14 years, even after controlling for previous mild TBI. In children aged 5 to 14 years, preinjury family and adaptive functioning, as well as noninjury factors such as gender, race, and socioeconomic status (SES), were not found to be significantly predictive of the presence of depression among children with mild, moderate, or severe TBI. 28 On the contrary, Kirkwood et al 35 reported an association between SES and self-reported depressive symptoms among 6-to 12-year-old children with TBI and orthopedic injury. Specifically, they reported higher SES to be related to fewer depressive symptoms, regardless of injury. They also reported a moderating effect of SES, wherein the presence of depressive symptoms in the severe TBI group relative to the comparison group was more pronounced among children from low SES homes. In addition, Max et al 28 found that a family history of anxiety disorders, but not depressive disorders, was predictive of postinjury depression in children with TBI. In summary, the literature suggests that preinjury factors may be related to the presence of depression following TBI but that current environmental factors such as SES may be a stronger predictor of depressive symptoms, although their contribution to depressive disorder is unclear.
Effect of depression on other outcomes following TBI
Four studies examined the role of depressive symptoms in predicting other outcomes following TBI. Tham et al 23 provided support for the role of self-reported depressive symptoms as a significant predictor of poorer sleep quality among adolescents with mild TBI. In addition, increased self-reported symptoms of depression were found to be a significant predictor of persistent pain among adolescents with mild, moderate, or severe TBI at 3 months postinjury and poorer health-related quality of life at 36 months postinjury. 27 Furthermore, O'Connor et al 29 found that, among adolescents, increased selfreported depressive ratings 3 months postinjury were associated with poorer school functioning at 12 and 24 months postinjury. Finally, Kirkwood et al 35 did not find a significant relationship between self-reported depressive symptoms and intelligence scores at 6 and 12 months postinjury in children aged 6 to 12 years. Taken together, the evidence suggests that depressive symptoms following TBI may place a child at a greater risk for poorer functional outcomes.
Depression as a primary or secondary outcome following TBI
A key goal of this review was to elucidate whether depression is a primary or secondary outcome following TBI in children. That is, do depression/depressive symptoms arise either due to changes in the brain related to the TBI itself or as a result of changes in a child's experiences postinjury that may make them more prone to depressive symptoms (eg, missing school, removal from sports teams, decreased interaction with peers)? Several studies included in the review addressed this question, but results were mixed. One approach to determining whether depression is a primary outcome due to brain changes as a result of injury is to compare depressive symptoms in children with differing levels of TBI severity. Max et al 28 found no significant differences in injury severity between those with and without depression. A similar finding was reported by O'Connor et al, 29 who reported no group differences in rates of depression among children with mild and moderate/severe TBI. In another study, raised intracranial pressure (ICP), a marker of injury severity, was shown to be unrelated to rates of depression among children with severe TBI several years postinjury (M = 3.9; Slawik et al 30 on a measure of head injury severity and level of selfreported depressive symptoms shortly after injury, although the correlation was not significant at 3-and 6-month follow-up assessments. Furthermore, Mather et al 34 found no significant differences in self-reported depressive symptom ratings between children with and without mild TBI when assessed shortly after involvement in a traffic accident, suggesting that the role of a traumatic event may be more predictive of depressive symptoms than TBI. Although Max et al 28 found structural changes in the brain to be associated with depressive symptoms, it is difficult to know whether the structural differences were related to the injury itself, were preexisting, or were related to noninjury factors. Thus, the existing research tends to suggest that depression is a secondary rather than primary outcome of TBI.
DISCUSSION
The current scoping review sought to examine the state of the literature regarding depression and/or depressive symptoms in pediatric TBI. The quality of the studies included varied in terms of design (ie, crosssectional, longitudinal), sample size, comparison group, and measurement of depression. Overall, the relative dearth of research in this area reflects significant gaps in our understanding of depression after childhood TBI, although several key issues were elucidated by the existing research.
First, depressive symptoms do appear to be more common in children with TBI than in the general healthy or non-head-injured population (eg, Peterson et al, 22 Tham et al 23 ). The question of whether depression as a clinical diagnosis (ie, major depressive disorder [MDD] ) is more common, however, was not answered by this review, mainly because of inconsistencies in the definition of depression (ie, symptoms vs disorder). Few studies defined depression in terms of the DSM-5 definition of MDD (see American Psychiatric Association 10 ) or used structured psychiatric interviews to make a formal diagnosis. Given that symptoms of depression are so varied, studies of individual symptoms of depression can result in substantial variability in research results, hampering inferences regarding prevalence. Thus, although children with a history of TBI may be more likely to report increased depressive symptoms, we cannot conclude whether they are at a greater risk for a clinical diagnosis of MDD. Consequently, our findings should be taken to describe the risk of depressive symptoms associated with pediatric TBI and not necessarily clinical depression. In addition, little consensus exists regarding the risk for depression in the short term (eg, within the first year post-TBI) versus long term (eg, 5 years post-TBI). Future studies should therefore aim to examine the prevalence of MDD diagnoses in children following TBI by employing prospective, longitudinal designs using structured interviews at different times postinjury.
Second, several injury and noninjury factors were identified that contribute to the risk for depression or depressive symptoms following childhood TBI. Injuryrelated factors such as presence of pain 27 or brain lesions 28 were found to be associated with an increased risk for depressive symptoms, although relevant findings were limited to 2 studies and were contradicted by a third (ie, Smyth et al 26 ) . Although older age at injury appears to be a risk factor for depression after TBI, other noninjury factors such as SES and a family history of psychiatric disorders are less well understood in terms of their relationship to depression. Whether children from low SES environments or with a family history of psychiatric disorders who develop depression after TBI would have done so absent the TBI remains uncertain. Perhaps, sustaining a TBI pushes them over the threshold between prodromal symptoms and clinical diagnosis. More research is needed to better understand both the injury and non-injury-related factors associated with an increased risk for depression after TBI, as well as their interactions with age and the mechanisms behind these relationships.
A third issue this review addressed was the relationship of depression to TBI as a primary versus secondary outcome. If depression were a primary outcome, then the level of depressive symptoms would be worse among those with more severe TBI (ie, more brain damage); however, the available research does not support a strong relationship in this regard. Depression might be a primary outcome following TBI in the early stages postinjury (as reported by Calvert et al 31 ), but the longterm associations remain unclear. Whether the risk for depression is due to interruptions of neural circuits 18 or hormonal changes, 19 as suggested in adult populations, or whether it is secondary to changes in the child's experiences or perceptions thereof, represents an area requiring further research. Studies that examined the relationship of depression to other outcomes of TBI (eg, quality of life, 27 school functioning 29 ) indicated that depression is predictive of other outcomes, but the causal direction of these relationships was not addressed. Mostly likely, the effects are bidirectional. Furthermore, factors such as age at injury and the family environment may interact with injury severity to predict depression. Nonetheless, taken together, the existing literature suggests that depression is largely a secondary outcome of childhood TBI, although further research is needed before any definitive conclusion can be drawn.
Several methodological limitations of the extant literature were highlighted by this review. One is the relative lack of attention to the effects of age on both symptoms of depression and the effects of TBI. Older age at injury was found to be predictive of greater Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 28 However, symptoms and etiology of depression likely differ between younger and older children. 37, 38 Therefore, age at injury should be examined as a moderator of risk factors related to depression and depressive symptoms in TBI. Furthermore, children younger than 8 years are scarcely represented in the existing literature; thus, this population would benefit from future study. Another limitation involves the measures used to assess depression. These measures are not specifically normed on TBI populations; thus, the problem of overlap between TBI-related and depressive symptoms becomes a significant methodological challenge. Future studies would benefit from factoring out symptoms that may be related to TBI to better understand depressionspecific symptomatology (eg, persistent low mood, feelings of worthlessness) in TBI.
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In summary, this scoping review provides insights into the status of existing research regarding depression and/or depressive symptoms in pediatric TBI. The results suggest that children who sustain a TBI are at an increased risk for depressive symptoms and that several injury and noninjury factors may predict this risk. However, literature in this area is scarce and several unanswered questions remain regarding the risk factors associated with depression, as well as the mechanisms behind these relationships. Furthermore, the quality of the existing studies is varied and the use of combined multiinformant (eg, parent and child ratings) and multimodal assessments (eg, self-report and structured interview) to better inform findings is limited. More research is thus required to better understand these associations, particularly given the high prevalence of depressive symptoms associated with TBI in children, as well as the risk of suicidality associated with childhood depression in the general population. 39 Directing research toward untangling the complexities of this issue can help guide treatments with the goal of producing better functional outcomes for children who sustain a TBI.
